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After operative correction of congenital coarctation of 
the aorta, patients continue to have excess cardiovas•
cular mortality, including manifestations of ischemic heart 
disease. Previous morphologic studies support the con•
cept of direct hypertensive vascular injury in these pa•
tients. To determine whether abnormalities of myo•
cardial perfusion were present in an asymptomatic group 
of patients with coarctation repair, 18 men and 9 women 
with a mean age of 26 years (range 19 to 41) were studied 
between 2 and 25 years after operative correction. Stress 
electrocardiography and quantitative thallium imaging 
by a circumferential profile technique were used. These 
patients were compared with a normal group, statisti•
cally defined as having a less than 1 % prevalence of 
significant obstructive coronary artery disease. 
The postoperative coarctation group demonstrated a 
reduction in global thallium redistribution in each view 
analyzed. As compared with findings in the control sub-
The original description by Crafoord and Nylin (1) of "cor•
rective" surgery for coarctation of the aorta initiated an era 
of optimism concerning the long-term fate of these patients. 
Although surgical therapy has resulted in significant pro•
longation of survival, as compared with estimates of this 
lesion's natu~al history (2), recent experience has demon•
strated substantial late cardiovascular mortality (3-7). This 
was initially attributed to a high incidence of residual car-
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jects, thallium washout in the anterior view (41.9 versus 
48.6%, p = 0.02) and left anterior oblique projection 
(40.5 versus 48.2%, p = 0.007) was significantly di•
minished. Although the postoperative coarctation group 
had a lower thallium redistribution rate in the lateral 
view (41.4 versus 46.3%, p = 0.09) this difference did 
not reach statistical significance because of the intrinsic 
variability of this projection. Plots of the median percent 
thallium washout revealed independence from circum•
ferential profile angle, indicating global abnormalities 
in perfusion. No correlation between clinical variables 
and thallium kinetics could be established, suggesting 
marked individual variability in the development of this 
vascular lesion. 
The observation of abnormal thallium kinetics in pa•
tients with coarctation repair may have consequences 
for long-term follow-up and therapy. 
(J Am Coil CardioI1986;7:538-45) 
diovascular abnormalities, including residual and recurrent 
coarctation, intracerebral aneurysm and late degeneration 
of an associated bicuspid aortic valve. However, premature 
ischemic heart disease and unexplained sudden death are 
prominently featured in several reports (8,9). 
Surgical repair of coarctation is often effective in nor•
malizing blood pressure at rest, but hypertension at rest 
(10-12) and during exercise (13-15) may persist in a sub•
stantial proportion of patients after adequate correction. The 
long-term consequences of this hemodynamic burden are 
unknown. However, previous studies (16-18) involving 
spontaneously hypertensive animals and subjects with 
coarctation have demonstrated direct morphologic injury to 
systemic and coronary arterioles. 
No data are currently available concerning the existence 
of these pathologic alterations in asymptomatic patients after 
coarctation repair or their potential effects on myocardial 
perfusion. Therefore, this study was undertaken, utilizing 
quantitative thallium scintigraphy, to determine whether ab•
normalities in coronary perfusion exist in this group of patients. 
0735-1097/86/$3.50 
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Methods 
Study patients. Twenty-seven patients and 25 normal 
volunteers were entered in the study, which was conducted 
in accordance with the Helsinki Agreement. The patient 
group included 18 men and 9 women who had undergone 
operative correction of typical juxtaductal (adult-type) 
coarctation of the aorta after diagnosis based on clinical 
findings or aortography, with or without associated hemo•
dynamic measurements. 
The patients' mean age at assessment was 26 years (range 
19 to 41) and they had undergone operative correction at a 
mean age of 10.7 years (range 0.5 to 27). Surgery was 
performed between 1957 and 1980 with a number of dif•
ferent operative techniques including direct anastamosis, 
tubular interposition graft, patch aortoplasty or left subcla•
vian flap procedure. All but two operations were performed 
at the Hospital for Sick Children or Toronto General Hos•
pital. Preoperative pressure gradients, clinically assessed or 
obtained by cardiac catheterization studies in approximately 
half of the patients, ranged between 25 and 93 mm Hg 
(mean 50.2). When assessed 2 to 25 years after the operative 
procedure, 7 of the 27 patients had a significant gradient, 
defined by simultaneous right arm and leg sphygmomanom•
eter pressure differences greater than 15 mm Hg (mean 26). 
No patients was considered to have critical residual coarc•
tation or significant aortic valve disease. 
Exclusion criteria included mental retardation, inability 
to perform submaximal exercise, severe muscular skeletal 
deformity (particularly kyphoscoliosis) or significant asso•
ciated congenital cardiac lesions including valvular disease 
associated with a bicuspid aortic valve. 
Control subjects. The study compared these 27 asymp•
tomatic patients with a group of 25 normal control subjects, 
defined statistically as possessing a remote (less than 1 %) 
possibility of significant obstructive coronary disease by a 
negative anginal history, normal electrocardiogram at rest 
and negative or nondiagnostJc stress electrocardiogram. The 
control group included 17 men and 8 women ranging in age 
from 22 to 44 years (mean 28.2). 
Exercise stress test. Each participant underwent a graded, 
symptom-limited maximal exercise stress test after giving 
informed consent. Studies were performed in a fasting state, 
at approximately the same time each morning, with an initial 
12 lead electrocardiogram and sphygmomanometer blood 
pressure determination. Subjects were exercised on a Quin•
ton treadmill ergometer according to a Bruce protocol with 
continuous monitoring of symptoms, general appearance, 
cardiac rhythm (lead II) and ST segment deflection. 
Toward the conclusion of each stage, cardiac rhythm, a 
12 lead electrocardiogram and arterial pressure were re•
corded, with termination of testing indicated by exhaustion, 
significant arrhythmia, decrease in systolic blood pressure 
of more than 10 mm Hg, systolic hypertensive response (to 
greater than 230 mm Hg), diagnostic ST segment depression 
KIMBALL ET AL 
THALLIUM KINETICS IN POSTOPERATIVE COARCTATION 
539 
or the patient's request. As a result of previous brachial 
artery catheterizations or abnormalities involving the origin 
of the left subclavian artery, often secondary to a left sub•
clavian flap repair, arterial pressure was considered to rep•
resent the higher upper limb value and was used throughout 
the study. 
Thallium scintigraphy. Sixty seconds before termina•
tion of peak exercise, all subjects received thallous chloride, 
1.5 mCi170 kg body weight, through a previously inserted 
peripheral heparin lock. Total body radiation, by dosimetry, 
is estimated to equal 0.36 rad with accumulated renal dosage 
consisting of 2.19 rads (t y, 73.1 hours). Exercise was dis-
Figure 1. Stress and redistribution (upper panels) and washout 
profiles (lower panels) from the quantitative analysis of the thal•
lium study in the left anterior oblique view from (A) a normal 
control subject and (B) postoperative patient with coarctation. 
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continued and supine electrocardiogram, blood prei>sure and 
heart rate were monitored for a 2 minute recovery period. 
Subjects underwent thallium imaging using a standard 
field of view, Ohio Nuclear-Sigma 420 scintillation camera 
(20% window, centered on 80 keY) with a medium reso•
lution, general purpose, parallel hole collimator interfaced 
to an MDS A2 computer system. Three views were acquired 
per patient (45° left anterior oblique, anterior and left lateral 
in a right decubitus position) with 8 minutes' acquisition 
per view, providing a total of more than 300,000 counts per 
image. Redistribution imaging was performed in an identical 
manner approximately 3112 hours after completion of the 
exercise protocol. All data were temporarily stored on mag•
netic tape for subsequent quantitative analysis. 
Quantitative thallium analysis. The evaluation of thal•
lium uptake and subsequent redistribution (washout) kinetics 
was accomplished utilizing a user-modified circumferential 
profile quantitative thallium program (19). Myocardial im•
ages underwent interpolative background subtraction with 
subsequent nine point spatial smoothing, after determination 
of a region of interest according to a predefined algorithm. 
An operator-assisted ventricular center was defined and du•
plicated for each stress and redistribution image pair. A 
circumferential profile consisting of 6° segments of maximal 
transmyocardial pixel activity was generated for both the 
stress and redistribution images and aligned using an op•
erator-defined left ventricular apex. 
With respect to each view, the stress circumferential pro•
file was normalized to a 100% maximum with subsequent 
redistribution profiles expressed relative to this value. The 
normalized difference between the stress and redistribution 
profile was expressed as a "washout" profile, equaling the 
percent reduction in thallium counts for each myocardial 
region during the redistribution interval. Figure 1 illustrates 
stress, redistribution and percent thallium washout profiles 
in normal and abnormal subjects. 
Echocardiography. Subjects underwent M-mode and 
two-dimensional echocardiography for evaluation of resid•
ualleft ventricular hypertrophy. The studies were performed 
on a Hewlett-Packard ultrasound system, using a 2.5 MHz 
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transducer in a modified left lateral position. Diastolic left 
ventricular wall dimensions were recorded from the M-mode 
sample, immediately below the mitral valve leaflets in a 
longitudinal parasternal view, in accordance with the Amer•
ican Society of Echocardiography criteria. 
Statistical analysis. Comparison of coarctation versus 
normal thallium kinetics was accomplished utilizing the 
washout data from three projections (anterior, 45° left an•
terior oblique and left lateral). A median value for each 
individual was derived by plotting original data as a function 
of the circumferential profile angle. After nine point linear 
smooth, removal of nonuniform trends was accomplished 
by fitting a common periodic curve described by the fol•
lowing function: 
Percent thallium washout = A sin(angle) + 
B cos (angle) + C sin(2 angle) + D cos(2 angle). 
This curve was then substracted from the original smoothed 
curve to yield the detrended values. Frequency histograms 
of percent median thallium washout revealed an approxi•
mate symmetric Gaussian distribution, with group differ•
ences defined by a two-tailed paired t test. Finally, indi•
vidual clinical variables of the subjects with coarctation 
repair were correlated with the calculated median thallium 
washout values and probability of a beta error was estimated 
by eliminating extreme values. 
Results 
Exercise test data. The data comparing exercise vari•
ables in the postoperative coarctation group versus the nor•
mal group (Table I) demonstrated a significant difference 
(p < 0.05) in blood pressure at rest. The degree of arterial 
hypertension was modest and by itself is of questionable 
clinical significance. In addition, the exercise duration of 
the coarctation group was minimally prolonged with respect 
to the normal group (12.0 versus 10.3 minutes) (p < 0.05). 
In spite of these differences, the basic similarity between 
the two groups was striking. The degree of exercise-induced 
elevation in systolic pressure was identical (184.4 mm Hg 
Table 1. Exercise Variables: Patients With Coarctation Repair Versus Nonnal Subjects 
Group 
Degrees of Test Confidence 
ExerCise Vanable Coarc Normal Freedom Value Sigmficance Level ('It) 
Heart rate at rest 74.2 742 39 0008 NS 90 
(beats/min) 
Blood pressure at rest 1352 126.6 50 1.889 <005 90 
(mmHg) 
ExerCise duration (mm) 120 10.3 50 2.385 <0.05 95 
Maximal exerCise heart 1700 1730 50 0.720 NS 90 
rate (beats/mm) 
MaXimal exercise blood 184.4 184.4 50 0.0006 NS 90 
pressure (mm Hg) 
Coarc = coarctation of the aorta. 
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in both groups; range 155 to 230 mm Hg in patients with 
coarctation repair. Thus, we were unable to demonstrate the 
frequently reported phenomenon of exercise-induced sys-
tolic hypertension in these patients (13-15). No subject in 
either group developed anginal chest discomfort or diag-
nostic ST segment abnormalities during the graded exercise 
stress test, and no regional defects were apparent on the 
thallium images. 
Quantitative thallium data. Figure 2 presents the fre-
quency histograms of the calculated median percent thallium 
washout for the three imaging views, in both the coarctation 
and normal groups. An approximation of a Gaussian dis-
tribution of washout values is noted, although a relative 
skew toward abnormally low values is present in the patients 
with coarctation repair. 
A graphic representation of the median smoothed thal-
lium washout circumferential profiles in the anterior. 45° 
left anterior oblique and left lateral views, for both the 
normal and coarctation groups, is displayed in Figure 3. 
Although some minor variation is present, thallium washout 
is relatively uniform withm each group and not dependent 
on circumferential profile angle. This observation strongly 
supports the hypothesis that a global pancircumferential ab-
normality in thallium kinetics is present and that these dls-
crepancies are nonfocal and independent of systematic, an-
atomic variation. In addition, the independence of thallium 
washout with respect to circumferential profile angle lends 
solid basis for the representation of each participant by a 
single median thallium washout measurement. 
The representation of each participant's circumferential 
thallium washout profile by a single measurement allows 
comparison between the coarctation and control groups. 
Table 2 presents the median thallium redistribution variables 
for all subjects, in three views. 
Clinical variables versus thallium kinetics. In an at-
tempt to define those clinical features associated with ab-
normal thallium kinetics in patients after coarctation repair, 
clinical vanables including age at operation, preoperative 
gradient, blood pressure at rest and maximal exercise sys-
tolic arterial pressure were correlated With quantitative thal-
lium abnormalities as determined from the 45° left anterior 
oblique view. Table 3 lists the specific clinical variables 
and median percent thallium washout characteristics for the 
coarctation and control groups. No significant correlation 
could be determined for any of these clinical variables. On 
the basis of this sample size, the power is high, ranging 
between 99 and 100%. 
Similar values for left ventricular end-diastolic wall 
thickness were observed in the control and postoperative 
Figure 2. Frequency histograms of median thallium washout per-
centages for (Aj the anterior view, (B) the 45° left anterIor oblique 
view (LAO)' and (el the left lateral view, for the control and 
coarctation group,. Hatched bars, normal; open bars, coarcta-
tion. 
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coarctation groups (0,84 ± 0,18 versus 0,95 ± 0,23) 
(p = NS), No significant correlation was demonstrated be•
tween the left ventricular wall thickness and percent thallium 
washout, as determined from analysis of the 45% left an•
terior oblique view, 
60 
30 
Discussion 
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Prognosis: historical survey. The classic review by 
Campbell (2) of 304 deaths in patients not operated on for 
coarctation of the aorta demonstrated the lethal nature of 
this anomaly, In this series, the mean age of death was 34 
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Figure 3. Average thallium washout profiles from (A) 
the anterior view, (B) the 45° left anterior oblique (LAO) 
view, and (C) the left lateral view, for the control and 
coarctation groups, 
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Table 2. Median Thallium Washout Values 
Imaging View Normal ± SO Coarctation ± SO 
AnterIor 48.6 ± 8.8% 419 ± II 7% 
45° LAO 48.2 ± 82% 40.5 ± II 3% 
Left lateral 463±8N· 414 ± 116% 
LAO = left anterIor oblique 
SignIficance 
002 
0.007 
0.09 (NS) 
years, increasing progressively from 1.6%/year in patients 
under 20 to 6.7%/year in those over 50 years of age. Mul•
tiple causes of death were recognized; however, ischemic 
heart disease was not a feature, although numerous patients 
had died suddenly. Crafoord and Nylin (I) initiated an era 
of intense optimism for total .. cure" after their 1945 report 
of operative correction of coarctation of the aorta. Several 
long-term studies (3-7) have since demonstrated conclu•
sively the continuing excess mortality related to cardiovas•
cular disease. The review of Maron et al. (3) of the prognosis 
20 years after corrective surgery demonstrated 12% mor•
tality and 37% incidence rates of residual hypertension. This 
study suggested that the incidence of premature cardiovas•
cular death was directly related to the duration of preop•
erative arterial hypertension. 
Cokkinos et al. (8) reviewed data from the Texas Heart 
Institute on operative correction in older patients. They dem•
onstrated a 10.6% mortality rate secondary to ischemic heart 
disease, concluding that this was a significant problem in 
men older than 35 years. Fraser et al. (9) reviewed their 
experience with coarctation repair in adults, demonstrating 
a 14% incidence rate of ischemic heart disease including 
five instances of myocardial infarction in patients less than 
40 years of age. Although the actual prevalence of ischemic 
heart disease is difficult to discern, these studies indicate 
that patients with congenital coarctation of the aorta fre•
quently manifest symptoms (including death) of myocardial 
ischemia. 
Pathologic mechanisms. Two distinct pathologic mech•
anisms appear to be responsible for myocardial ischemia in 
this clinical situation: premature coronary atherosclerosis 
and primary hypertensive vascular alterations including in•
timal and medial hyperplasia and fibrosis. Limas et al. (16) 
studied the progressive development of distinctive lesions 
in spontaneously hypertensive rats demonstrating severe 
vascular disease involving both the intima and media of the 
aorta and intrarenal arterioles. Despite stabilization of ar•
terial pressure early in life, vascular lesions continued to 
progress, suggesting irreversible alterations in cellular path•
ophysiology. Vlodaver et al. (17) reviewed the histologic 
changes in the coronary arteries of young patients dying of 
coarctation of the aorta, and demonstrated hyaline degen•
eration and marked fibrosis and elastosis of the intima as 
well as medial hyperplasia. They concluded that these al•
terations were secondary to arterial hypertension and sug-
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THALLIUM KINETICS IN POSTOPERATIVE COARCTATION 
543 
gested surgical correction during childhood. Recently, 
Schneeweiss et al. (18) reported on electron microscopy of 
the terminal coronary circulation in patients undergoing op•
erative correction of coarctation. They identified two pat•
terns of vascular abnormalities depending on the age at 
operation. First, in childhood the arteriolar wall components 
were still distinguishable, but smooth muscle hyperplasia, 
degeneration and collagenous islets were present. Second, 
in young adults there was total fibrotic transformation of 
the arterial wall. resulting in significant luminal obstruction. 
Thallium-201 imaging. Quantitative thallium-201 im•
aging is a relatively recent technique using noninvasive tech•
nology to assess regional myocardial thallium kinetics and, 
thus, coronary perfusion (19-22). On the basis of the con•
cept of localized myocardial facilitated diffusion of thallous 
ion in equilibrium with local blood concentration, the anal•
ysis by radionuclide imaging of initial uptake and redistri•
bution (washout) within a myocardial segment can be di•
rectly correlated with regional blood flow (22). Both the 
initial peak thallium concentration and subsequent redistri•
bution rate (slope), as determined by scintigraphic counts 
per pixel in delayed images, are useful in assessing coronary 
perfusion. Garcia et al. (20) described a circumferential 
profile technique, using processed image pairs at stress and 
redistribution in multiple views to quantify abnormalities in 
perfusion. These authors (19) subsequently validated this 
technique in a prospective trial of patients with coronary 
artery disease. A similar circumferential profile technique 
for thallium quantification was used in our study, with minor 
variations in statistical analysis. 
In asymptomatic patients who had successful coarctation 
repair, our study showed abnormalities in thallium kinetics, 
specifically reduction In thallium redistribution (washout). 
This pattern is seen uniformly in all myocardial segments 
consistent with the hypothesis of primary hypertensive vas•
cular injury, as previously noted, rather than focal premature 
obstructive coronary atherosclerosis. The non dependence of 
thallium washout characteristics with respect to circumfer•
ential profile angle is convincing evidence that abnormal 
thallium scintigraphic findings in patients with coarctation 
do not represent anatomic variation. 
Absolute quantification of regional myocardial perfusion 
is not possible utilIzing this technique, because peak stress 
thallium concentration is normalized to 100% before anal•
ysis. Because the entire myocardium is uniformly affected 
by the pathologic process, the possibility of defining ab•
solute reductions in stress thallium uptake is eliminated. 
The explanation for the inability to correlate abnormal•
ities in thallium washout and clinical variables within the 
coarctation group is unclear. There may be considerable 
variability in the development of vascular disease; alter•
natively, these variables may not directly influence the ar•
terial lesion. Finally, the technique may lack the necessary 
precision to separately evaluate each clinical variable. 
Table 3. Study Vanable, for the 27 Patte nt, With Coarctation Rcpatr and 25 Control SubjCCb 
A. Patlenb WIth CoarctatIon Repair 
Maximal Median ck 
Age at Preop Pmtop S)"tolic BP Thallium 
Age (yr) OperatIon Gradient Sy,tolic BP at ExcrcI,e Wa,hout 
Ca,e & Sex (yr) (mm Hg) (mm Hg) (mm Hg) (45 0 LAO) 
29M II 30 120 155 42.1 
2 22M 05 IIg Ig5 24.6 
3 22F Ig 110 200 408 
4 29F 15 60 134 170 41.7 
5 25M 7 144 135 463 
6 28M 8 65 150 235 39.5 
7 33F 8 30 110 165 1.7 
8 23M 4 93 128 210 40.6 
9 25M 7 50 108 170 51.6 
10 26M 14 29 116 190 52.3 
II 20M 12 60 126 220 36.3 
12 22M 10 25 130 160 45.2 
13 25M 10 30 134 200 48.2 
14 19M 6 26 148 220 59.6 
15 25M 5 140 200 35.3 
16 22M 8 37 122 170 40.5 
17 22M 9 70 140 230 353 
18 26F 0.75 40 140 IgO 40.9 
19 25F 3 65 94 165 43.5 
20 33M 14 45 110 200 505 
21 21F 18 85 110 165 485 
22 31F 27 44 126 155 44.0 
23 21M 18 51 138 180 422 
24 41F 185 50.8 
25 29M 23 50 146 175 21.9 
26 31F 7 150 150 31.6 
27 28M 16 70 126 210 38.2 
B. Normal Control Subjects 
Median % 
MaXimal BP Thallium 
Age (yr) BP at Rest at Exercise Washout 
Case & Sex (mmHg) (mm Hg) (45 0 LAO) 
I 28F 110170 160175 41 4 
2 31F 110/85 155/85 58.7 
3 22M 125/90 220/90 367 
4 25F 115/90 190/100 41.5 
5 31M 110175 185170 56.0 
6 33M 125170 165/90 494 
7 23M 140/90 178/80 60.2 
8 25F 130/90 170/85 48.0 
9 26F 115/85 1901100 72.5 
10 35M 115/85 180/85 47.0 
II 31M 150/105 220/80 52.0 
12 22M 120/90 175175 40.0 
13 29M 135175 185170 51 5 
14 28F 115/85 165/84 48.0 
15 25M 125175 170/90 51.l 
16 31M 110/g5 170/80 47.0 
17 44M 140/100 2051100 43.0 
18 31M 135/100 190/80 50.0 
19 26M 140/85 190/100 390 
20 28M 140/95 220190 53.0 
21 30M 125/90 185175 53.0 
22 27F 1601110 215/110 38.0 
23 26F 140/95 180175 44.0 
24 23M 115/80 235/90 44.0 
25 25M 140/105 2151110 430 
BP = blood pressure; F = female; LAO = left antenor oblique view; M = male; Po,top = postoperatIve, 
Preop = preoperatIve. 
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Other explanations for the observed phenomenon are pos•
sible but lack the pathologic support of the stated hypothesis. 
Alternative mechanisms, including diminished capillary to 
myocyte ratio secondary to left ventricular hyperplasia, re•
sidual interstitial fibrosis or a primary myopathic process 
affecting thallium diffusion, remain entirely conjectural. 
Summary. We have demonstrated diffuse abnormalities 
in thallium kinetics, specifically, delayed thallium redistri•
bution, in asymptomatic patients after repair of coarctation 
of the aorta, Although the significance of these findings is 
unknown, we suspect that direct hypertensive vascular in•
jury is responsible and may contribute to excess cardiovas•
cular mortality as a result of latent myocardial ischemia. In 
addition, a subgroup of patients who manifest severe vas•
cular disease may be identified by quantitative thallium scin•
tigraphy. Serial myocardial perfusion imaging. with rigid 
control of blood pressure at rest and exercise-induced hy•
pertension, using beta-adrenergic receptor blocking agents. 
may prove beneficial within this high risk subgroup. How•
ever, this hypothesis requires additional longitudinal studies. 
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